Midterm Outcomes of Embolisation of Internal Iliac Artery Aneurysms  by Millon, A. et al.
Midterm Outcomes of Embolisation of Internal Iliac Artery Aneurysms
A. Millon a,*, Y. Paquet a, S. Ben Ahmed b, G. Pinel c, E. Rosset b, P. Lermusiaux a
a Department of Vascular Surgery, University Hospital of Lyon, Lyon, France
b Department of Vascular Surgery, University Hospital of Clermont Ferrand, Clermont Ferrand, France
c Department of Vascular Surgery, University Hospital of Rennes, Rennes, France* Cor
Hospita
76 76.
E-ma
paquet
Ben A
chu-cle
Lermus
1078
Surgery
http:WHAT THIS PAPER ADDS?
This is the ﬁrst study regarding midterm outcomes of embolisation of internal iliac artery aneurysms. It reports
the techniques used and their results in short term and midterm performed in the vascular surgery departments
of ﬁve French University Hospitals. No aneurysm rupture was reported. Sac packing alone was the least effective
technique with a high incidence of aneurysm increase, endoleak and secondary procedure. No signiﬁcant
difference was observed between techniques with or without distal occlusion.Objectives: There is no standardised technique for internal iliac artery aneurysm (IIAA) embolisation and results
of long-term prevention of rupture are unknown.
Design: We retrospectively evaluated technical aspects and results of IIAA embolisation in a multicentre study.
Methods: Aneurysm morphology and embolisation techniques were reviewed. Aneurysm-related death, rupture,
diameter increase, endoleak, secondary procedure and complication related to the IIA occlusion were recorded.
Results: Between 2001 and 2011, 53 patients with 57 IIAA were treated. Mean diameter of IIAA was 41 mm
(range: 25e88 mm). Embolisation techniques were distal and proximal occlusion (n ¼ 24), proximal occlusion
(n ¼ 18) and sac packing (n ¼ 15). Cumulative overall survival rate was 92% at 1 year, 83% at 3 years and 59% at
5 years. No cause of deaths was related to aneurysm. Aneurysm diameter increased in ﬁve patients and endoleak
was observed in 11 patients. One secondary open conversion and ﬁve secondary endovascular procedures were
performed for increase of diameter or proximal endoleak. Two patients experienced a disabling buttock
claudication.
Conclusions: Embolisation of IIAA is safe in the short- and midterm. However, endoleak and aneurysm diameter
increases are not rare. Yearly post-procedure computed tomography angiography seems appropriate.
 2012 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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fatal condition. It represents 0.3% of all aorto-iliac aneu-
rysms and less than 20% of all isolated iliac artery aneu-
rysms.1 Prevalence is estimated around 0.03% of the
general population.2 In recent years, the widespread use of
abdominal computed tomography (CT) has led to an
increase of asymptomatic IIAA. The question then arises
more often of whether to have an elective procedure, to
avoid the risk of rupture. The natural history of IIAA is not
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Historical data report a risk of rupture of up to 40% with
a mortality rate of 80%, justifying an elective treatment.3e5
Results of open surgery report a high mortality rate of 11%
for elective repair and 50% for emergency repair.5,6 Open
repair of IIAA is challenging because of the localisation of
the aneurysm. In this context, endovascular management of
IIAA has been developed and has become the primary
treatment for almost two decades.7,8 There are no guide-
lines for IIAA treatment and different endovascular tech-
niques have been previously described. However, outcomes
in terms of prevention of rupture with respect to previously
described techniques are still unknown.
The purpose of this retrospective multicenter study was
to evaluate the outcomes of different techniques of IIAA
embolisation.
METHODS
All patients from the vascular surgery departments of ﬁve
French University Hospitals with IIAA over 25 mm in
Table 1. Patient demographics and anatomical characteristics.
Demographic Patients n ¼ 53
Mean age years (range) 77 (59e95)
Sexe male n (%) 52 (98)
Hypertension n (%) 32 (60)
Diabetes n (%) 7 (13)
Hyperlipidemia n (%) 23 (43)
Tobacco use n (%) 8 (15)
Oral anti coagulation n (%) 9 (17)
History of abdominal aortic
aneurysm surgery n (%)
16 (30)
Anatomic Aneurysms n ¼ 57
Bilaterala n(%) 12 (23)
Abdominal aorto-iliac
aneurysmb n(%)
31 (54)
Mean aneurysmal diameter
(mm) (range)
41 (25e88)
a Included history of surgery for IIAA.
b Included history of abdominal aortic surgery.
A. Millon et al. 23diameter who underwent an elective endovascular treat-
ment between January 2001 and December 2011 were
included in this study. Mycotic aneurysm, pseudo-aneurysm
and any emergency management of aneurysms were
excluded. The presence of an aortoiliac aneurysm was not
an exclusion criterion. Data collection, retrieved retrospec-
tively by chart review, included demographic characteristics,
anatomic morphology, procedural data, frequency of
endoleak, secondary intervention, postoperative change in
aneurysm diameter, rupture and patient outcome. The
frequency of follow-up (clinical and computed tomography
angiography (CTA)) varied between surgeons. Date and
cause of death were obtained from either chart review or
family physicians (telephone interview). Preoperative and
follow-up CTA images were retrospectively analysed.
Patients without CTA in the last year of follow-up were
excluded from follow up analysis.
Technical success was deﬁned by immediate occlusion of
the IIAA on the completion angiogram. IIAA was considered
stable if aneurysm diameter changes were <5 mm. The two
primary end points of this study were aneurysm-related death
and aneurysm rupture. Secondary end points were aneurysm
diameter change, endoleak, secondary interventions and
complications related to the occlusion of the internal iliac
artery (buttock claudication, colic ischaemia and gluteal
necrosis). Data were presented as mean value and median
valueswhennecessary, with range and standard deviation ().
Continuous variables were compared by the KruskaleWallis
test and categorical values by Fischer’s exact test. Survival
analysis has been doneusing the Kaplan andMeiermethods. A
value of p < 0.05 was considered statistically signiﬁcant.
Statistical analyses were performed using Statistical Package
for the Social Sciences (SPSS V 19.0, Inc., Chicago, IL, USA).Table 2. Agents used for IIAA embolization.
Site of occlusion Agents used Commercial devices
Distal IIA Coils (72%) Not reported
Occluder (28%) Amplatzer vascular plug
IIA aneurysm
sac
Coils (65%) Not reported
Occluder (20%) Amplatzer vascular plug
Haemostatic
agent (5%)
Curaspon
Association
of different
agents (10%)
Proximal IIA Occluder (9%) Amplatzer vascular plug
Aortoiliac
endograft (43%)
Talent medtronic (n ¼ 7)
Zenith cook (n ¼ 8)
Excluder gore (n ¼ 3)RESULTS
Patients and aneurysm
From January 2001 to December 2011, 53 patients (52
males) underwent endovascular treatment of 57 asymp-
tomatic IIAA in the department of vascular surgery of ﬁve
French University Hospitals. Patient demographic charac-
teristics and aorto-iliac anatomical features are summarised
in Table 1. Mean age was 77 years (7 years, range 59e95
years). No patient suffered from symptoms related to the
IIAA, except ﬁve cases with unspeciﬁc abdominal pain.
Additional aortoiliac aneurysms were found in 15 patients
while 16 additional patients had a history of aortoiliac
surgery for aneurysm. Therefore, 22 patients had an isolated
IIAA, four patients had bilateral IIAA and eight had a history
of open surgery for contralateral IIAA. Mean IIAA diameter
was 41 mm (13 mm, range 25e88 mm). Eight IIAA had
diameters between 25 and 30 mm.Aortic endograft
limb or
extension (29%)
Talent medtronic (n ¼ 8)
Annaconda
vascutek(n ¼ 4)
Iliac stent
graft (19%)
Fluency bard (n ¼ 5)
Advanta V12 atrium
(n ¼ 3)Techniques
Several techniques were performed: ipsilateral femoral
access in 32 cases (56%), contralateral femoral access in 23
(40%) and brachial artery access in two cases (4%).Endovascular repair of abdominal aortic aneurysm was
performed simultaneously for 11 patients and within 15
days of initial procedure in 4 additional patients. In four
patients, bilateral IIAA embolisation was performed either
simultaneously (one patient) or in two separate procedures
(three patients) with delays between both embolisations of
8 days, 5 months and 6 months, respectively.
The following surgical techniques were reported:
 distal (anterior and posterior division of the iliac internal
artery) embolisation and proximal occlusion with
(n ¼ 10) or without (n ¼ 14) sac packing,
 proximal occlusion with (n ¼ 16) or without (n ¼ 2) sac
packing and
 sac packing alone (n ¼ 15).
Details of agents used for the procedure are summarised
in Table 2. Mean procedure duration was 113 min
24 European Journal of Vascular and Endovascular Surgery Volume 45 Issue 1 January/2013(48 min, range 40e240 min). Mean contrast volume was
170 cc (77 cc, range 30e300 cc). Excluding procedures
with simultaneous endovascular repair of common iliac or
aortic aneurysm, the mean procedure duration was 105 min
(47 min; range 40e240 min) and contrast volume was 155
cc (75 cc; range 80e300 cc).
Immediate outcome
Immediate IIAA occlusion was obtained in 40 cases. The
remaining 17 procedures resulted in incomplete exclusion
of the internal iliac artery with residual ﬂow in the aneu-
rysm sac on the completion angiography. The primary
technical success rate was 70%: 79% for distal embolisation
with proximal occlusion, 67% for proximal occlusion with or
without sac packing and 60% for sac packing alone without
signiﬁcant statistical difference (p ¼ 0.403). There were no
anatomic factors associated with technical failure: aneu-
rysm sac diameter (p ¼ 0.193), the presence of abdominal
aorto-iliac aneurysm (p ¼ 0.951) and bilateral IIAA
(p ¼ 0.995).
No deaths occurred within 30 days after any of the initial
procedures. Major adverse events were observed in three
patients: two acute renal failures, with no need for dialysis,
and one groin haemorrhage requiring surgery. Minor
adverse events were observed in two cases: one haema-
turia and one groin haemorrhage. No acute adverse events
related to the occlusion of the internal iliac artery were
reported (no colonic ischaemia, no gluteal necrosis). Mean
length of stay was 5 days (3 days, range 2e14 days) and 4
days (3 days, range 2e10 days) for isolated IIAA.
Mid-term outcome (Table 3)
Mean follow-up was 30 months (24 months, range 1e136
months). One patient was excluded due to lack of follow-up
information and no CTA in the last year.
Mid-term mortality and IIAA rupture. Twelve patients
(23%) died during the follow-up period of non-IIAA related
causes. One death was indirectly related to the IIAA. The
patient underwent an endovascular aneurysm repair (EVAR)
for abdominal aortic aneurysm (AAA) 37 months after
a unilateral IIAA embolisation. The patient died 5 days after
procedure because of multi-organ failure secondary toTable 3. Midterm follow-up results.
Total
n ¼ 57
Distal and pr
occlusion n ¼
Mean Follow up (month) 30 (1e136) 25 (1e72)
Aneurysmal change n (%)
Decrease 23 (40) 9 (38)
Stable 29 (51) 14 (54)
Increase 5 (9) 1 (4)
Endoleak n (%) 11 (19) 4 (17)
Proximal 5 0
Distal 3 1
Ilio-lumbar 3 3
Secondary procedures n (%) 5 (9) 1 (4)
Buttock claudication n (%) 12 (21) 8 (38)a colonic ischaemia. Causes of death were cancer in ﬁve
cases, cardiopathy in three cases, respiratory failure in two
cases and liver cirrhosis in one case. Cumulative overall
survival rate was 92% at 1 year, 83% at 3 years and 59% at 5
years. No aneurysm rupture was observed.
Aneurysm diameter changes. Aneurysm diameter
decreased in 23 cases (40%) and remained stable in 29
cases (51%).
IIAA diameter increased in ﬁve cases (9%). The ﬁve cases
of diameter increase were all related to an endoleak. One
patient had large bilateral IIAA with bilateral common iliac
artery aneurysms and underwent aortobiiliac endograft
after bilateral IIAA embolisation. IIAA embolisation con-
sisted of distal embolisation and sac packing for both IIAA.
Nineteen months after the procedure, the right IIAA
showed a diameter increase of 10 mm related to a distal
endoleak and the left IIAA was stable without endoleak. This
patient underwent a secondary open conversion (see
Secondary Procedures). In three additional patients, IIAA
treated with sac packing alone showed an IIAA diameter
increase related to a proximal endoleak of 6 mm for two
patients and 9 mm for one patient. These three patients
underwent a secondary procedure (see Secondary Proce-
dures). One additional patient had been previously treated
with proximal occlusion with iliac stent graft without sac
packing or distal occlusion and presented an IIAA diameter
increase of 8 mm related to a distal endoleak from the
anterior division. This patient died from respiratory failure
before reintervention.
Endoleak. Endoleak was observed in 11 cases (19%). Five
endoleaks were proximal from the origin of the IIA, three
were distal from the anterior or the posterior division and
three were from the ilio-lumbar branch. In ﬁve cases,
endoleak was associated with IIAA diameter increase: three
were proximal and two distal. In the remaining six cases of
endoleak, IIAA diameter remained stable. There were two
proximal endoleaks: one patient underwent a secondary
procedure and one patient died from lung cancer 6 months
after endoleak diagnosis. There was one distal endoleak in
addition to three endoleaks arising from the iliolumbar
branch. There was no statistical difference with anatomical
factors (aneurysm sac diameter p ¼ 0.092, the presence ofoximal
24
Proximal
occlusion n ¼ 18
Sac packing
n ¼ 15
p
40 (6e134) 30 (2e71) 0.376
8 (44) 6 (40) 0.542
9 (50) 6 (40)
1 (6) 3 (20)
3 (17) 4 (27) 0.760
1 4
2 0
0 0
0 4 (27) 0.016
2 (11) 2 (13) 0.185
Table 4. Secondary procedures.
Patient Initial procedure Interval
(month)
Cause Secondary procedure
1 Sac packing alone 20.5 Proximal endoleak with IIAA diameter increase
(þ6 mm)
Additional embolization
2 Sac packing alone 37.1 Proximal endoleak with IIAA diameter increase
(þ6 mm)
Additional embolization
3 Sac packing alone 4.5 Proximal endoleak with IIAA diameter increase
(þ9 mm)
Endograft iliac extension
4 Sac packing alone 3.0 Proximal endoleak with IIAA diameter increase
(þ5 mm)
Additional embolization
5.2 IIAA stable (70 mm) with a persistant proximal
endoleak
Endograft iliac extension
5 Proximal and distal
occlusion with sac packing
19.1 Distal endoleak with IIAA diameter increase
(þ10 mm)
Aortobifemoral bypass
with IIAA excision
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p ¼ 0.743) or with techniques used (p ¼ 0.760). Among the
17 patients who had an endoleak at the original procedure,
ﬁve (29%) still had an endoleak during follow-up without
statistical difference with patients who had no endoleak at
the original procedure (15%, p ¼ 0.316).
Secondary procedures. Six secondary procedures were
performed in ﬁve patients. Causes, time interval between
initial procedure and secondary intervention and tech-
niques are summarised in Table 4. The mean delay between
initial procedure and secondary intervention was 15 months
(range 3e37 months). One patient underwent open
conversion: an aorto-bi-femoral bypass with IIAA excision
performed 19 months after aorto-bi-iliac endograft and IIAA
embolisation for an IIAA increase related to a distal endo-
leak. The open conversion was chosen because of the
difﬁculty of endovascular access of the IIAA.
The freedom from reintervention rate was 96% at 1 year,
85% at 3 years and 85% at 5 years.
Buttock claudication. Buttock claudication was observed in
12 patients (21%). Claudication was severe (<200 m) in two
cases but none required revacularisation. Among them, four
had previously undergone an aortoiliac revascularisation,
one had previously undergone an open surgical exclusion
(endoaneurysmorrhaphy) of a contralateral IIAA and one
underwent a contralateral IIAA embolisation 8 days prior.
However, no statistical difference was observed between
the claudicants and previous aortoiliac revascularisation: 33
versus 29% (p ¼ 0.787) or contralateral IIAA: 20% vs. 32%
(p ¼ 0.574). Among the four patients with bilateral IIAA
embolisation, one underwent open conversion, one pre-
sented non-disabling buttock claudication and two others
did not suffer from any complication.
Midterm outcomes and techniques used. Midterm follow-
up analysis regarding the techniques performed (summar-
ised in Table 3) showed a higher incidence of aneurysmal
increase, endoleak and secondary procedure for patients
treated by sac packing alone and a higher incidence of
buttock claudication for patients treated by proximal and
distal occlusion. These differences were not statisticallysigniﬁcant except for the incidence of secondary procedures
(p ¼ 0.017). No difference in midterm results (diameter
increase, endoleak or secondary procedures; p > 0.05) was
observed between patients with and without primary
technical success.
DISCUSSION
IIAA is a rare but potentially fatal disease mostly reported in
older males. According to our results, embolisation of IIAA
is a safe and reasonable treatment for midterm prevention
of rupture, regardless of the technique used. No IIAA
rupture or IIAA related-death was reported; however,
endoleaks (19%), aneurysmal diameter increase (9%) and
secondary procedure (9%) are not rare and strict follow-up
is required.
IIAA is an uncommon condition and even though our
study does not provide information concerning incidence or
prevalence because of its retrospective design, we only
found 57 cases in ﬁve large academic medical centres over
a period of 10 years. The usual clinical presentation is an
asymptomatic IIAA incidentally discovered on an abdominal
CT in an older male patient who suffers from an AAA. The
sex ratio observed in our study (1 female and 52 males) and
the age of the patients (mean age ¼ 77 years) are in
agreement with the literature.9 Association with AAA or
contralateral IIAA is usual and is reported in 58% and 23% of
the cases in our series, respectively. Technical data analysis
reports a wide range of approaches and techniques used.
The procedure duration (>100 min) highlights the difﬁ-
culties that these techniques encounter. We observed that
catheterisation of anterior and posterior division of the
internal iliac artery and iliolumbar artery can be technically
challenging, especially when IIAA is large and iliac arteries
present multiple and signiﬁcant angulations. Another
technical issue is how to occlude the origin of the IIA.
Anatomical conditions (suitable proximal neck) required for
proximal IIA embolisation are rare. Stent-graft deployment
across the origin of the IIA may also be challenging in the
case of isolated iliac aneurysm with severe angulation and
large differences in diameter between proximal and distal
landing zone. This issue is well demonstrated by the wide
variety of stent grafts used in our study. Recently, Haslam
26 European Journal of Vascular and Endovascular Surgery Volume 45 Issue 1 January/2013et al. described the use of customised tapered stent grafts
with satisfying mildterm results.10 Technical success rate
was relatively low but consistent with results reported in
the literature with respect to embolisation of IIAA or
visceral artery aneurysm.9,11 The main reason for technical
failure was a residual ﬁlling of the aneurysm sac demon-
strated either on completion angiogram or on early post-
operative imaging. The ﬂow could be either antegrade via
the origin of the internal iliac artery, especially for sac
packing alone, or retrograde via the anterior or posterior
division or an iliofemoral branch. Unfortunately, these
details were not systematically reported. Perioperative
results conﬁrm the interest of such a minimally invasive
procedure, especially in this elderly population. In a review
of 55 patients, in accordance with our study, no in-hospital
mortality was observed in elective cases.9 As also reported
in a few series, we conﬁrm low morbidity related to the
procedure.12e17 Midterm results in terms of aneurysm-
related death are satisfying, despite the fact that nearly half
of patients died after the 5-year follow-up; no reported
deaths were related to the IIAA. No aneurismal rupture was
observed, consistent with the relatively low rate of diam-
eter increase (9%). Endoleak was observed in 11 IIAA (19%)
concordant with previous series.9 In two cases of diameter
increase, the endoleak was from the distal branches. Two
case reports described IIAA rupture after surgical proximal
ligation,18 or after coil embolisation.19 More recently, an
IIAA enlargement 28 months after the initial procedure
related to a distal endoleak was reported.12 These results
support the idea that distal endoleak should be considered
at risk of rupture and that distal embolisation should be
performed. Furthermore, morbidity related to IIA occlusion
is rare. No major morbidity was reported in our study, as
well as in the review of 59 IIAA.9 Buttock claudication even
in case of distal embolisation remained low, probably
related to the care taken to avoid an occlusion too distal
from the anterior and the posterior division. Claudication
was disabling in only two patients, probably related to the
age of the patients (low walking activity).
Even though, in our series, endoleaks from the iliolumbar
artery were not related to aneurysm increase, we believe
that an iliolumbar artery originating from the internal iliac
artery has to be searched during the initial angiogram and
occluded to avoid endoleak during the follow-up.20 In more
than half of cases, the iliolumbar artery emerges from the
internal iliac artery or from its bifurcation.21 One case of
IIAA enlargement 24 months after ‘ideal’ treatment (distal
embolisation and iliac stent graft) has already been re-
ported. The diameter increase was related to an endoleak
from the iliolumbar artery.22
In the case of diameter increase after proximal occlusion,
secondary procedures are more challenging because of the
absence of endovascular access. To overcome this issue,
image-guided sac puncture, through direct transcutaneous
or transosseous approaches, has been proposed with good
results, thus avoiding open conversion.19,23e25
Comparison of outcomes of results between the three
techniques reveals that sac packing alone is the lesseffective technique because it is associated with a higher
frequency of aneurysm increase, endoleak and secondary
procedure. Despite no signiﬁcant difference between
proximal occlusion alone and distal and proximal occlusion,
we recommend occlusion of all the outﬂow vessels (ante-
rior and posterior division, and iliolumbar artery) because of
the low morbidity associated, in order to avoid endoleak
and therefore aneurysm increase.
The main limits concerning this study are the retrospec-
tive nature of the study, small size of the population and the
heterogeneity of endovascular procedures. CTA assessment
of endoleak requires contrast enhancement with early and
late acquisition which were not always available in this
study.
Embolisation of IIAA is safe without rupture or aneurysm-
related death in the midterm. However, endoleak and
aneurysm diameter increases are not rare. Yearly follow-up
CTA seems appropriate.
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